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In our previous investiga.tions  1 of this general subject, the lessened 
tendency to hemolytic jaundice and  the increased resistance of the 
red cells after spleneetomy have been described.  In connection with 
both of these phenomena it is essential to know whether they persist 
for long periods after splenectomy, and it is also desirable that some 
explanation  of  the  mechanism of  each  be  found.  In  the  present 
communication we present additional data on these two problems. 
THE  REACTION  TO  HEMOLYTIC  SERUM  IN  DOGS  SPLENECTOMIZED 
ONE  YEAR. 
With  few  exceptions  all  experiments  previously  reported  have 
been on dogs splenectomized for relatively short periods, and  in the 
three instances in which t'he period was a  long one  (7~,  9,  and  IO 
months)  the animals quickly succumbed after 8,  18,  and 24  hours, 
respectively, to the general toxic effect of the serum.  That this  is 
not a constant result is shown in the following experiments (table I), 
which add  also to  the evidence concerning the increased resistance 
of the  red cells  and  the  decreased tendency to  hemolytic jaundice 
after splenectomy. 
In this experiment the effect of the hemolytic serum is very much 
the same in the splenectomized as  in the normal dog,  as  shown by 
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the  blood  count,  but  with  a  slightly  more  definite  elimination  of 
bile  pigment  in  the  normal  dog.  The  difference  is,  however,  so 
slight  that  on the basis of this  experiment  alone  one might  assume 
TABLE  I. 
Effectof HemolyticSerum One YearafterSplenectomy, ~th Control3 
Date.  One year after splenectomy  (dog 24).  Date.  Control (dog 22). 
Feb.  IO,  1912 
Feb.  2o,  I913 
Feb.  2I 
Feb.  22 
Feb.  23 
Feb.  24 
Feb.  24, 
12 M. 
3  P.M. 
Feb.  25 
Feb.  26 
Feb.  27-28 
March I, 2,  3 
March 4 
Weight, 7,860 gm. 
Splenectomy. 
Weight, 6,820 gm. 
Blood: red cells, 6,o48,ooo; 
hemoglobin, 11o per cent. 
Fragility: o.25-[.,3  0.4--. 
Urine: normal. 
iReceived in vein 0."85 c.c. 
hemolytic serum (No. 64) 
per kilo. 
Urine: normal. 
Urine:  faint  trace  of  bile 
pigment. 
Blood: red  ceils, 5,664,000. 
Urine: normal. 
Received  2d  injection  of 
same  serum,  I  c.e.  per 
kilo. 
Vomited. 
Urine by catheter contains 
bile; trace only. 
Blood: red cells, 3,568,ooo. 
Urine:  small  amount  of 
hemoglobin present;  also 
faint trace of bile. 
Urine: no hemoglobin; trace 
of bile. 
Urine: faint trace of bile. 
Urine: faint trace of bile. 
Urine:  no  bile.  Chloro- 
formed. 
Feb.  20,  I913 
Feb.  21 
Feb.  22 
Feb.  23 
Feb.  24 
12 M. 
3 P" M. 
Feb.  25 
Feb.  26 
Feb.  27-28 
March 1-2 
March 3 
March 4 
Normal dog;  weight, 
7,74o gm. 
Blood:  red  cells,  6,47o,- 
ooo;  hemoglobin,  lO5 
per cent. 
Fragility: 0.35 +,  o.45 --. 
Urine: normal. 
Received in vein 0.25 c.c. 
of same serum per kilo. 
Urine: contains bile. 
Urine: contains bile; well 
marked test. 
Blood: red cells, 5,76o,ooo. 
Urine: normal. 
Received 2d  injection of 
same serum,  I  c.c.  per 
kilo. 
Vomited. 
Urine contains bile; trace 
only. 
Blood:  red  cells 
3,200,000. 
Urine:  large  amount  of 
hemoglobin;  bile  well 
marked. 
Urine: trace of bile. 
Urine: faint trace of bile. 
Urine: no bile. 
Urine:  trace  of  bile. 
Urine:  no  bile.  Chloro- 
formed. 
that after a year of splenectomy the peculiarities due to spleneetomy 
had disappeared  and that  the animals  react  in the same way as  the 
normal  dog.  That  this  is  not  the  usual  occurrence  is  shown  in 
table II. 
2 The same serum, No.  64,  was used in both animals. 
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TABLE II. 
Effect  of  Hemolytic  Serum  One  Year  after  Splenectomy,  with  Control. 4 
One year after splerlectomy 
Time.  (dog 42).  Time.  Control (dog 43). 
Before injection. 
ISt injection. 
After  injection. 
1-3 dys. 
3  dys. 
2d  injection. 
4  dys. 
5  dys. 
6  dys. 
Weight, 6,4oo gm, 
Urine: no albumin, no bile. 
Received  in  vein  0.5  c.c. 
serum per kilo. 
Urine:  trace  of  albumin 
faint trace of bile. 
Received  in  vein  I  c.c.  o: 
same serum per kilo. 
Marked hemoglobinuria. 
Faint  hemoglobinuria; 
doubtful  bile test. 
Faint  hemoglobinuria; 
faint  but  definite  bile 
test. 
Died.  No  evidence  ofl 
jaundice at autopsy. 
Before injection. 
ist injection. 
After  injection. 
I  dy. 
2-3 dys. 
3  dys. 
2d injection. 
4  dys. 
5  dys. 
6  dys. 
7 dys. 
Weight, 6,6r5 gin. 
Urine:  no  albumin,  no 
bile. 
Received  same  dose  of 
same serum as dog 42 . 
Urine:  trace  of  albumin; 
well  marked  bile  test. 
Urine:  no  bile. 
Received  same  dose  of 
same serum as dog 42. 
Marked hemoglobinuria. 
Moderate  hemoglobinu- 
ria; marked bile test. 
Faint  hemoglobinuria; 
large amount of bile. 
Urine:  no  hemoglobin; 
deeply bile-stained. 
Chloroformed.  At autop- 
sy general bile staining 
i  of tissues. 
This  experiment  shows  the  typical  difference  in  the  degree  of 
hemolytic  jaundice,  in  the  splenectomized  as  compared  with  the 
normal  animal,  which  has  been  observed  in  all  our studies  of this 
subject, and demonstrates conclusively, that lapses of tirne, up to one 
year  at  least,  do not  cause the  disappearance  of this  phenomenon. 
As additional proof of the lessened tendency to hemolytic jaundice, 
despite  the  presence  of  hemoglobinemia,  the  following  account  of 
the  administration  of  hemolytic  serum  eleven  and  a  half  months 
after splenectomy is presented,  without notes as to the control. 
TABLE  IIl. 
Time.  xi~ months after splenectomy  xz~ months after splenectomy 
(dog 33).  Time.  (dog 33). 
Before injection. 
Injection. 
After  injection, 
I  dy. 
Weight, 5,975 gm. 
Blood:  red ceils,  5,35o,ooo; 
hemoglobin, lO2 per cent. 
Urine: no albumin, no bile. 
Received  in  vein  0.5  c.c. 
hemolytic serum (No. 67) 
per kilo. 
Hemoglobinuria marked. 
2  dys. 
3  dys. 
4-8 dys. 
9-Io dys. 
Hemoglobinuria  slight; 
faint trace of bile. 
Blood: red cells,3,800,ooo. 
Urine:  no  hemoglobin; 
faint  but  definite  bile 
test;  trace of  albumin. 
Urine: faint trace of bile. 
Urine:  no  bile.  Experi- 
ment discontinued. 
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SUMMARY. 
The  experiments demonstrate that  dogs  splenectomized for  one 
year exhibit the same increased resistance of the erythrocytes and 
the same lessened tendency to hemolytic jaundice previously observed 
in animals splenectomized for shorter periods of time.  One appar- 
ently  discordant experiment  (table  I)  suggests  that  possibly after 
a longer lapse of time than a year the lessened tendency to jaundice 
might not be so evident.  On the other hand, it is in splenectomized 
animals  having  the  high  red  cell  and  hemoglobin  content  of  the 
animal  representing this  experiment, that,  as  we have  shown  else- 
where,  5 hemolytic jaundice may occur in equal degree to that of the 
control  animal.  We  regard, 'therefore, the experiments here pre- 
sented as in  accord with those representing observations  at  earlier 
periods after splenectomy. 
THE  RETICULATED  ERYTHROCYTES  AND  THEIR  RELATION  TO  THE 
INCREASED  RESISTANCE OF  RED  CELLS  AFTER  SPLENECTOMY. 
With- the  introduction  of vital  staining many alterations  in  the 
structure of the red corpuscles have come to light.  The most inter- 
esting of these, perhaps, are the "skeined" or reticulated corpuscles, 
which contain sometimes a  few granules connected by fine threads, 
at  other times a  network of 'threads with many granules,  or again 
a  thick  ball-like  tangle  of  threads,  demonstrable  only  by  vital 
staining.  They may be  found  in  a  very small  number  (0. 5  per 
cent.)  of the cells of normal adult blood, are more numerous in the 
blood at and shortly after birth, and are present in larger, but vary- 
ing numbers in  various pathological conditions. 
As to their nature, it is generally accepted that they are probably 
analogous 'to the polychromatophilic cells of fixed preparations, but 
their relation to the common basic granulations of such preparations 
is still a matter of doubt.  Concerning the question of their signifi- 
cance a  voluminous literature is at hand;  at  first it was considered 
that the skeins represented a  beginning degeneration, but the more 
recent opinion is almost unanimous that the skeins are to be found 
5 Pearce, R. M., Austin, J. H. and Musser,  J. H., Jr., III.  The Changes  in the 
Blood Following Splenectomy and Their Relation to the Production of Hemolytic 
Jaundice, )'our. Exper. Med., 1912, xvi, 758." 498  Blood  Destruction  and  Regeneration. 
only in young erythrocytes and that an increased number of reticu- 
lated  cells  is  evidence of unusual  activity in  blood  production.  It 
was  therefore natural  'that  the  reticulated cells  should  be  regarded 
as more resistant cells and that their presence should be interpreted 
as  an  explanation  of  the  increased  resistance  of  the  red  cells  in 
various  forms  of  anemia.  The  many  and  contradictory views  on 
this  subject may be  found in  the  paper by  Pepper  and  P eet,  6 who, 
working  in  this  laboratory,  investigated the  question  of the  occur- 
rence of reticulated cells in experimental anemia and  the  resistance 
of these cells to various hypotonic salt  solutions.  They reached the 
conclusion that although reticulation of the erythrocytes is evidence 
of 'the  youth  of  the  cell,  no  difference  can  be  found  between  the 
normal and reticulated cells of a  given animal in their resistance to 
hypotonic salt  solution. 
In the hope of showing some  relation between these cells and the 
increased resistance of the blood of splenectomized animals, we have 
looked  for  these  cells  before  and  after  sptenectomy.  It  was 
assumed  that  an  increase  of  the  cells  might  explain  the  incre~/sed 
resistance of the red cells after splenectomy.  The results, however, 
do  not  support  this  assumption.  The  examination  7  of  several 
normal adult dogs showed that reticulated cells are absent or found 
only after prolonged search.  On the other hand,  they are  no more 
numerous  in  dogs  which  have been  splenectomized  for 4,  2o,  and 
54 days,  and  3, 8,  Io, and  I2 months  (2),  than  they are in normal 
dogs,  and  in two  dogs  which  were  followed closely  for 44  and  56 
days after splenectomy no changes in the number of reticulated cells 
could be determined. 
The  increased  resistance  of  the  red  cells  after  splenectomy can- 
not be explained by an increase in the number of reticulated cells in 
the circulating blood. 
6 Pepper,  O. H. P., and  Peet, M. M., The Resistance of Reticulated  Erythro- 
eytes, Arch. Int. Med.,  1913, xii, 81. 
T  The technique used is as follows : A  few drops of blood are caught directly 
from the point of puncture in a small test-tube  containing 0.55 per cent. sodium 
chloride to which had been added two drops of a 2 per cent. solution of potassium 
oxalate and  one drop of a  saturated aqueous  solution  of brilliant  cresyl  blue. 
After standing  a  few minutes  a  drop from the bottom  of the tube is  removed 
with  a  pipette,  placed  on  a  slide and  covered by a  thin  cover-slip.  It  is  then 
examined with the oil immersion lens, and the number of skeined and unskeined 
cells are counted  in a total of 5oo cells. Richard  M.  Pearce  and  Max  Minor  Peer.  499 
CONCLUSIONS. 
The increased resistance of the red blood  corpuscles characteristic 
of the splenectomized animal is as evident one year after removal of 
the  spleen as  it  is  at  earlier  periods.  So  also is  the  decreased 
tendency to jaundice  after the administration  of hemolytic serum. 
The increase in resistance of the red cells cannot be explained on the 
basis of an increase in reticulated cells in the circulating blood. 